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1• INTRODUCTION
Applied Research, Inc. is pleased to submit this final report on an added
scope to Contract NASB-34337 with NASA/MSFC. This contract has centered on
tasks which support the Beta Flight Test Experiment which uses an aircraft-
borne laser Doppler velocimeter to measure the aerosol backscatter
coefficient. Tasks reported on under this added scope of work are:
A. Using the Beta algorithms developed in previous studies the
contractor will examine the 1982 Beta Flight Test Data for determining the
Atmospheric Backscatter coefficient.
B. Install a signal processing/enhancement program from earlier studies
and provided by the COR on a computer mutually selected by the contractor and
the COR.
C. Perform a preliminary analysis to determine the signal processing
methods which appear to be prime candidates for combining, to yield enhanced
processing capabilities for low signal-to-noise ratios.
D. Demonstrate by simulation the combinations obtained in Task C using
z
rt
s
s4	 .
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2. BETA FLIGHT TEST DATA ANALYSIS
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Applied Research, Inc. has calculated atmospheric backsca,
data taken by NASA in the summer. of 1982• See the Applied Res+
NASA entitled "Beta Expej-iment Flight Report, Contract No. NABS-34337, August
1982" for a descriptipza of the various flights. This data was taken by a
Laser Doppler Velocimeter (LDV) operating in a single particle detection mode.
The single particle detection mode utilizes a focus position where the
majority of backscatter detections is singular. A. focus of 10 meters was
determined to be sufficient to encounter single particles the majority of the
It
f	 a
time.
Applied Research's ;plan to generate atmospheric bsokscatter values for
I_
	 the various flights was to produce a computer code incorporating a previously
U rj
a
{
following; sections and Appendix A contains a complete listing. in order to
set up the computer code for automatic processing, several computational
r<:
quantities had to be defined. These quantities were:
	
r
1) Establish correlation between signal value and channel number
on the signal processor.
2) Establish the	 S/N' value that corresponds to „ zero Area",	 a
c^
ii	 i.e., determine absolute scale for S/N vs. Area.
2	
..
developed algorithm which required the single particle count data (histograms)
as input. The output of this computer code is the atmospheric backscatter
coefficient calculated from single particle data and is called "single
particle R." NASA also requested that Applied Research process the volume
data channel. Therefore, code was generated to also output a volume channel1,7 	 R
„ 	 value. A description of the final computer code will be discussed in the
C
t
l
1
3) Leff at 10 meters.
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4) Waist SIN return at 10 meters.
i
w
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Applied Research had previously performed the LDV system calibration
under Contract No. NAS8-34337- However, operation of the LDV at a focus of 10
meters required that additional data be taken to completely define the LDV
system. The additional data was taken by W. Jones of NASA and consisted of
the data required to calculate Leff at 10 meters and the waist SIN at a 10
meter focus. Applied Research's "Final Report - Beta Experiment" has a
description of Leff and how it is calculated for an LDV system.
Signal Processor Channel Calibration data is required to establish the
correlation between signal value and signal bin (channel) on the signal
processor. This relationship was established by W. Jones of NASA and is shown
in'Figure 1. This curve was used for all single particle S predictions in
^
this report.
In Applied Research Final Report —Beta Experiment, a plot showing the
S /N	 a
relative relationship between Signal/Noise/Cross-section ( Q ) and Areajt
(Figure 2) was presented. Since plot has an arbitrary scale, it was necess-ry
1
to establish an absolute scale for Signal/Noise/Cross-section vs. Area. This
,.	 is the "single particle calibration" which was done using a sandpaper disk at
a focus of 10 meters. The following section contains the theoretical argument
}
for the single particle calibration.
is
• Single Particle Calibration
In terms of the backscattering elements 6 i
 of a rotating disk, the
f	 signal is S _	 Q1 gi where gi is the gain in the region of the i l, element.
If elements of same value g i are grouped together into regions denoted by area
is
!	 r
3	 J
f}i
his
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elements "a", then S - E
03 ^
Now it EQ
	
do 
	
is a
in a
differential, then, 8 - K AR	 g da.	 This can be rewritten as	 S - p1g(a)dao
a da
where	 P * do is the bidirectional reflectance of the surface and is
assumed independent or as Since g * S/o, Figure 141 can be used to obtain the
calibration constant C where g * 0 •$/ ,a - Cg' -	 C is some constant which will
give the proper value to the equation	 where S' is the
sigiAal return from a sandpaper disk at 10 meters, and g' is the relativel$,
scaled S/NIC, data. Figure 3 shows the calibration data which resulted from
,1-hLs exercise, ""Ilis data allow s a signal/noise i'sigma to be associated with a
particular area at a 10 meter -focus.
By using the equation	 & (o)	 to tie-dovii the Area curve (Figure
at 
an 
Area 
of 
0, a cross-seetion can be produced for each signal bin on the
signal processor. This association of cross-section with signal bin was
coloulated for each single particle G> prediction.
Algorithm Description
When 811 of the required information was completed, Applied Resear0i
A	 4	 4.	 A,1	 41	 A	 1 4	 1 41 4.1%
d
4:1	 A 4	 414prowee v	 a ou up as compu er ov e w , v ; woo %A auvwma a	 TZ a M" VA:W %.; V44Q.
The computer prediction code has major sections which are repeated over and
over until ohs data is exhausted. The first section is a subro4tine (OETDAT)
to read the data off disk and translate the proper values to work, arrays. The
second section does the noise calculations for both the volume and single
particle channels of the data. Both oaloulatimis are done by using the data
to "look up" the noise values in a table. A linear interpolation is done in
the table to obtain the fiiia) values. 1,k1he third s%tation is the subroutine
(PATANAL) which is the single particle 6 inveriion routine.
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The BETA Data is packed into 768 byte records of the Signal V computer.
Each record of data must be decoded tnto the 384 words which are identified in
Table 1• The alternating noise samples were used to calculate a "noise
factor" for each set of data processed by the n1gori,thm. This was dorle by
	
	 {
l
r
r ^^	 monitoring the integrated volume $ word in the noise set of data and then
I	 calculating what noise (in dbm) corresponded to this value by using a 	 r
i^	 "calibration table look up" with linear interpolation, The noise data blocks
were further utilized by subt m sting off the noise hits in each bin for the
single particle BETA Data. Care was taken to compensate for bandwidth
differences between single particle noise and volume channel noise data.
^t
The Beta Inversion Algorithm requires approximately 10,000 particle hitlfi
to be accurate; therefore, the data had to be combined in most cases in order
to obtain the 10,000 partiole Count minimum. When this was done, the time
that corresponds to the data was also averaged over the data-taking interval.
Therefore, the output of the algorithm was single particle $ versus time.
However, there is not a one-to-one correspondence between input data records 	 i
	
+A	 and output data points due, to the combining which occurs when the number of
j	 single particle hits is low. 	
$y
	 3
A volume backscatter coefficient was also calculated for the same data as
	
,{{	 for the single particle Q. This data requires integration since the LDV was
focused at 10 meters where it is likely that most of the time single particles
occupied the sensitive focal volume of the LDV. A volume ^ is normally
f	 defined as the backscatter return from a collection of particles_ measured at	 !	 3
an instant. The volume Beta was calculated by using the following equation:
V/V	
p
s n
	
o
R Si d 	 Leff
where Vs is the integrated volume single, Vn is the integrated volume noise,
i
t
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DATA RECORD
URRENT TIME
Table 1.
AT START OF RECORD
8- DATEM: 6
DATED: 1
^ DATEY: 32
f
11- STEPRI: 0
STEPR2:
STEPR3:
0
0
14- VOLBH: 0
VOLBL: 0
:
I
VOLSN 0
15- PARMS: 171356
CLOCKP: 11.
FILTER: 2
t 20- TIMEON:
;VCOFRQ:
3
140.
DOFSET: 0	 11.
5 23- DISCRM 4 0
IFGAIN: 45.
25- ^FWDID: 0
1{
NDSETS: 1
. INTSEC: 10 0-0.
f ADDASV: 0
. ADD;AS I : 100.
30- SMI: 0
TAS It ,'DD • 300
TASKB:
	 300
THETA:	 500.
34- VCOOFS:
	 0
1.
RRENT DATE'
ISTEPPER POSITIONS (NOT PRESENTLY USED)
I 
OL ►JME BETA INTEGRATORS
ONTROL REGISTER PARAMETERS
IGITAL FILTER CLOCK PERIOD
F FILTER WIDTH
IDEO TIME CONSTANT
CO FREQUENCY
./D FILTER BIAS
DISCRIMINATOR THRESHOLD
F GAIN
ORWARD/AFT IDENTIFIER
SCANS PER WRITE
S PER INTEGRATION PERIOD
'P IF ADDAS LINK ON
MS PER ADDAS OUTPUT
P IF $CANNER ENABLED
'AS FROM ADDAS
'AS FROM KEYBOARD
,NGLE THETA IN 01-DEG UNITS	 It
'CO OFFSET IN 53-KHZ UNITS
	
88	 IDENT:	 BLHB _80.	 IDENTIFICATION STRING
128
	383	 DATA
9
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Sd"is the signal to noise return of a sandpaper disk at 10 meters, Po is the
bidirectional reflectance of sandpaper and Leff is the effective length of the
LDV while focused at 10 meters. Leff was calculated by using data generated
by W. Jones at 10 meters which is shown in Figure 4. The corresponding Leff
is plotted in Figure 5, which shows how this data point fits in with othlr
data points calculated by Applied Research.
The integrated signal, Vs , in the volume channel was calculated by
subtracting off the average noise signal (V n) for that time interval. The
r `
	
	 signal return from a sandpaper disk at 10 meters at the focal volume waist and
the bidirectional reflectance of the sandpaper disk were supplied by W. Jones
of NASA.
Prediction Results
A total of 23 flights were processed by Applied Research. 	 Some flights
jiad problems with the data which were caused by data transfer, but the lerge
majority did not.	 The	 prediction algorithm had only two cases where it did
t
t not attempt to process the data;	 (1)	 If the airplane airspeed is less than
250 knots (such as at takeoff or landing) and (2) if the last signal bin
contained more than 5,000 hits.	 Case No. 2 occurs whenever dense clouds aret
{ being flown through and since the algorithm predictions are inadequate here,
the data is ignored.	 Figures 6 through 27-A show plots of single particle
G and volume	 S as a function of time.	 Figures 28 through 49 show the average
f
aerosol backscatter cross-section as a function of time.	 Figures 50 through.
71 show the atmospheric aerosol number density as a function of time.
	
The
e	 ,
time on each plot is in minutes, calculated by multiplying the military hour
by 60 and adding the minutes.	 Note that Flight 12 is missing completely
10
tI I
I I
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because none of the data was processable by the single particle	 prediction
algorithm. Other gaps in the data occur because of the two cases listed
above. Noto that there are some single particle 0 predictions on some flights
which get very large. These instances correspond to cloud cases. In general
those large values of B cannot be considered as accurate since the algorithm
was not set up to handle high density large particles. The corresponding
average cross-sections and densities would also be suspect: Figure 27-A shows
the result of processing with only 1000 single particle hits. These results
are not significantly different from those for 10,000 hits and indicate that
shorter flight intervals per output beta point may be possible. Further
analysis of this question is required.
The single particle and volume backscatter coefficients differ by a
constant offset, the origin of which is not presently understood. This error
may be found in the calibration techniques or processor assumptions. An
evaluation of the uncertainties in the backscatter coefficient determinations
would illuminate this problem.
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3. LDV SIGNAL PROCESSING ANALYSIS AND SIMULATION
Applied Research has utilized and modified a signal processing code
written by the Wave Propagation Laboratory of NOAA. This code was written for
a Data General machine and utilized on the Sigma V computer at MSFC.
Conversion and implementation of this code constituted a significant task. A
listing of this code as it was utilized in this study is given in Appendix B.
A flow chart of the complete code is given in Figure 72.
Basically the code is capable of generating a sinusoidal signal with
noise or a narrow band random process signal with noise, and processing this
signal. according to selected algorithms to give frequency estimates. It is
the narrow band signal which is appropriate for LDV studies. The code was
used in these studies to generate the standard deviation of the mean frequency
a
estimate as a function of the input signal-to -noise for a narrow band random	 t
process, over an ensemble of 1000 different cases for each point. This
quantity leads directly to the expected velocity error for a given case.
Use of the Code
The signal processing program used by Applied Research, Inc. is listed on
the NASA computer system as ARIDAN and XARIDAN. The ARIDAN is the fortran
listing of the program, while XARIDAN is the executable source.
There are two ways of running the program. One is to execute a command
file labeled DANCMD. This will set the .logical unit number ten for terminal
output. The second way is for the user to set the logical unit ten for a
terminal output, then start XARIDAN.
Once the program has been started, data input will be requested. The
t^
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program will need to know if the user wants sinusoidal or narrow band random
process synthetic data. The program will then list the available estimators
and give the user an option to use or not use them. Then depending on which
estimators are being used, the program will ask for inputs needed to run those
estimators.
Inputs that are common to every estimator are: (1) the frequency of
synthetic data (FREQ); (2) for narrow band random processes, the standard
deviation of the signal (SIGMA); (3) the signal to noise ratio of data (SNR);
(4) the number of input data points (NTOT); (5) the length of the transform
for spectrum (NPTS); (6) Hanning window for fourier transform (IWNDW); (7) the
number of estimates (NEST); (8) type of spectrum plot (LOGSC'L); and (9) does
user want a hard copy of input parameters.
The number of input data points and the length of the transform determine
the size of the signal generated. If NTOT ,`.s less than NPTS the program
generates a signal of size NPTS. If NTOT is greater than NPTS the program
will generate a signal with the size the closQst power of two larger than
NTOT.
When the Fast Fourier Transform estimator is used the system will ask for
the FFT averaging time constant. This parameter is used to set the number of
times a block average will be done.
When the Adaptive Filter - Weights estimator is used the system will need
to know the order of the filter (LORD) and also the normalized adaptive
constant (ALPHA).
When Adaptive Filter - Predicted estimator is used the system will need
the same parameters as Adaptive Filter - Weights but will also require some
others. The program will need to know the number of samples to use in the
prediction filter. It will also want to know if user wants to cascade the
a^
86
I^
filter with the Xulti-Lag Complex Covariance estimator. This option was added
by Applied Research.
Finally, when the Multi-Lag Complex Covariance estimator is used the
system will need to know the order of the estimator.
After inputs, the program will clear the screen and make the plot of the
first time series and ask user if a hard copy is wanted.
The program will then proceed to the signal processing and a plot of the
power spectrum for each estimator will be made. After the processing is done
the terminal bell will ring twice and a question mark will be displayed. This
gives the user the time to make a hard copy from the terminal and then press
return to continue.
The program then clears display and asks the user if a histogram is
wanted. Choices of histograms are power, frequency, and width. If user does
not want a histogram, the user may either restart program without exiting, or
end Drocessing.
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Analysis and Simulation of Processing Methods
	 OF POOR QUALITY
In a previous report (Final Report on Contract No. NAS8-34337, June 1982)
i"	 I
the application of adaptive filtering to LDV processing has been considered.
	 l
It was seen (Figure 6.5) that an adaptive linear predictive filter (ALPF)
offers several dB improvement over the pulse pair processor within a large
i
range of SIN values for the input signal. However, the theoretical limit
	 !'
(Cramer-Rao Bound) for improvement is still beyond this, indicating that
significant further inprovement is possible. The poly-pulse-pair (PPP)
processor was know to follow the linear predictive filler result but
theoretical or simulated results for the ALPF preceding the PPP processor had
	 j
not been obtained. Under the present task, results for the PP S processor (on
the figure called multi-lag =4 case), and the ALPF have been separately
simulated. Then the two processors have been cascaded with the ALPF preceding
j
the PPP. As a baseline, the result of an FFT on the input has been calculated
A-I
4
using the multi-lag L=1 algorithm.
The processing simulated was taken to be appropriate to the MSFC pulsed
system, with a sampling rate of 15 MHz. A Doppler frequency of 4.5 MHz was
r;
assumed, although this is incidental to the result. A narrow band random
process signal was synthetically generated with a standard deviation of .02'
yielding a velocity standard deviation of .48 m/sec for a total spread of
about 1 m/sec. A data sequence of 64 points was used, corresponding to a 4
microsecond pulse with a length of 1200 meters.
	
n
i
The PPP processor was taken to have four lags, and the ALPF was taken to	 i
have four weights. The convergence factor, a, was taken to be .1 (See R. J.
	
1
 to
Keeler, NOAA Technical Memorandum ERL WPL
-49, P. 15)•
f °:
j
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Figure 7*A shows the result for the standard deviation of the velocity
error in predicting the mean value for the several methods mentioned above as
a function of the input signal-to-noise of the signal. One thousand spectral
estimates were run to obtain each point. The ordinate of this figure should
be multiplied by .795 to obtain the velocity error in meters per second, The
results of this analysis are summarized as follows:
1. There is probably no significant difference in any of the methods at
the extreme points + i0 dB.
2	 In between the extreme points, there is a region (near 5 dB) where
the PPP method and the cascaded processor (ALPF followed by PPP) give the same
result; there is a region (near 0 db) where the PPP is slightly better (about
-5 db) than the cascaded processor; and there is a region (near -5 db) where
the cascaded processor is somewhat better (about 1 db) than the PPP processor
The FFT (multi-lag order = 1) is the least desirable in all these cases, but
serves as a standard of comparison.
The concl;zsion from the results is that optimum processing techniques may
depend upon the signal-to-noise level. In such a case, a more detailed
mapping of the various regions would be in order. This was not possible under
the present contract because of the long run times required. However, these
results indicate that the use of an adaptive filter as a part of the
processing chain will lead to an improvement over the PPP processor of around
one db for the pulsed LDV system near - 5 db.
A remaining question which must be addressed concerns the convergence
time of the adaptive filter. There is no theoretical work available at this
time on this question for narrow band random processes, to the author's
knowle^ e. These simulations have been guided by results for sinusoidal
signals.. It must yet be established ghat an adaptive filter can adapt using
the amount of stationary data available in one or several LDV pulses.
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	 SlrI;UENCE
^Sc.
..000 C
;J53.0j0 C _ _	 _ _	 1-r+f AU
	
IN RAw DATA ^1)	 RL)
a5	 .000 C l-DC
	 STATISTICS
	 ON	 THEN (STATS'
^Iti
	 .0 O r) c - ,i-:,FT _HISTUC_^	
__
AM	 RCN	 THFM (F1+15T
	
---	 ---	 ---- -_--
i`,i.000 C 4-PLOT
	 ')ATA	 AND	 HISTUCNAM (hFLCT)
'	 GOU C
. GOU C
355.00"1 C_ —  Cii_Cg	 WHICH_V_ARIAbLF	 TO	 DO HISTCCFANS
	 OVEk
:i	 . 0 0) C
!fj COO_C
	
CALL 'i p c FY_____
.ltd.000	 - -CALL HELL	 ------	 ---	 -----	 --- --- -- -	 --	 ^
s
110
--- --- - - - ---
-A
	
_ 3 1)3, 000	 _ _	 1 ►.F UT UA! rY - ----- 	
_ ._. ---MeWAL- PAU-%	 — ----
4.000 t1	 CALL FkA F	 OF POOR QUALITY
	
5•C0a	
-	
CALL h(14E ---- ----
	
------- -- --- --	 -
	
36t.000	 CALL AN411DE
	
—
i l 7 1 (00	 S'l,TPUT '1)4.h1..T0S^4^`i^^'rFS'---
1.000 CUTPUT'O-STCP'
I cS.000	 _  OUTPUT	 '-1-hFSTAkT'
1 0.000 OUTPUT	 1-FC^FF'
7 1,C01	
_
OUTPUT	 '	 1-FFFQUiNCV'
	
—
120000 LUTNUT	 '	 3-IAILTH'
E _31J I-0O3 1 %-PU7	 IHISI
I ^^•GC0 CCLL	 k 4 5 L
37t.000 IF( 1t!1ST9 ►.t..0)CUT , 1	 ySy^
!17.0-13 IF	 ((1N1S?.FC.0).A ti u.(I%FC•FG.1))	 GO	 ?C	 62
7r. COO IF	 (IHI ST.( -,I	 GO	 T r)	 02
_37 y . COO____I F ^Ih1_51.L_T.^-- G O J 0-1	 -----	 ----- -- —	 -- -- — ---
*­C u O C
CG0	 C
--	 -	
CYCLE ZH QUGH	 ALL
	 F+1$TCCFA 4 $	
---
	
-	
—
3ti^0050	 C
-;C.70
4.0 3 C
CL0 C
^- J_t.G'0 -C ^. -- ---IF	 o1:	 UIIJN'T JS= Ti{IS hST14AT1Cr` ^-- ---	 --1--	 -	 -
37,C'0 C_  GilI1G	 TO	 DO	 A	 HISTC'GkAw	 ON _IT•
'E.G -,0 C
j ,^S• COO .	 _ If(	 NOT, (15%(IST)))
	 CJ	 TO	 70	 .-_._.
C
_
, 0.0^0
'11030 - C
--- ----
-- 1-RF1. 0 11Y^ATA	
-----
	
-- ------ --------	
-._.	 _.
392.000 C
^ 9 3•00C [,SKkD_ (IST,IHIST)--_CALL
.	 04.0O3 C --	 -	 —	 --
^^:.000 C _	 3-GLI	 HISTOGPA M
 FRO, THEM
Q E.000 C
"7s-000_C_ ____(_k^TE.:_ THL FFT wAY_HAVF_A DIFfERFNT_1iUrr^^t 	 _	 _
j ar.000 C UE	 PO1'.TS	 TO	 DO	 A	 hISTOC?AM	 U^Eh)
+( , .000 NP1N5 =RNTS
.10GC , 0 1^	 ( IST,F4,I)
	 %;b1NS=NNT3F
40i.C)3 1F (IFIFT.NE.7)	 NISINS=100
;;^. '1 —_ -i0 A_ltl	 li ] ?^N f+ A X ti IS N^ I H 1 Ste _-C-
40`.0O3" C [-CSC	 S1a1ISTICS
	
ON	 THEM -
nt . COO C
"► . GOD CALL	 STAT:)	 (	 XNF t.y,STDEV,NRlNS)
Our. COO C
_')S._C31 C —
____---a-NLUT	 DA TA 	IIISTUGFAN.- 
-	 -	 -0.0J3 C
41 1.000 1(',(1)=CVI'LX( MURK( I),0,0)
3. C00 75 COOT I %UL
kk
a
415.0(0 _ CALL	 HNLOT	 01PRX,* XMEAh,ST.	 V,N1'1NS,IHI51 , IST)
C
4
`-.000
7.000 70 CCNTI ►,UE	
-	 ---	 --	
-- -	 -	 -	
--	 -
41t.000 - -^- GG TC e1
9S 9S STIIP
4
,1000
C.000 E NU
4 ? 1. C G 0 C
—	
-	 --- - _	 --------_
"' i . 0 0 0 C — -
_	
-	 -	 -- 
ORIGINAL-
 PACE IS
4	 ? . C 0 0 C
--- ---- --	
4-PUR- QUALITY--_
4. d . 000 -C ---
4_	 . COO C
-	 ---	
-	 -	
---- - - --	 — - -	
.
r4 	 c.GOO C --
4:t. COU C
4	 y .c00 C
^31.coo C
-4'*'c.Cco C hOUIISL	 TO	 INPUT FFOM KFYbOAHD MPYTHNG	 IT
41 3.000 C UCt SN'T	 - K_ -N- Ow	 -- -	 --	 -	 - -- --	 -_
-4 1 4.000 C
C41'.000
I.000__4 _C
-----	
-	
----
4	 c.Cn3 CCv-	 ./SPEC/ISPCFL(7), ISPC
.0^J CCv4C'.	 :.ST., AV,IFST,I	 LOPV,4LPHA,6ITS(17E),N0
ti-0.000 C'L "'C4	 /S1/	 :`'1(0:15)
541.000 CL""lN/SIGNL/	 51G(10	 4),k5LT(1024),1UFn(1C 74),
41..000
_
1 NFTSF, %P'f S, t E1KT,-4TOT, NDAT,FS IC,SNkF, 5Nk,
'• i._000__ 21'_' YNLA7,CSICJC'.^1_SE4FkEI,SIGMA
^ 444.000 CLNPCN/f'LS/	 kt.OkM(10),1CT,LUI;SCL,E'1FST,IPXFL,LNAOE(4),LPL
t.000 CCtoPLEX	 SIG,ICTS
4'7.000 LC ;lCAL	 r lkET, ISM-
4'^.cGO `--- DI Y L!.c luh	 y1FILt(4),I11E%0(25E),IUT(3),11N(3)
4 ^S.000 VATA	 ((1.APEL(I1J)t I=1J 1 .0),J_=1,H)/'FRST'1'	 f0U'^'RIER1	 _-_	 _	 _ _
4r 0.000 — 1'	 TMA','tiSFC',-km
<1.000
-----
1'wAX I','MUM-',_'ENTR'^'UNY-','-hUR','G	 AL','
-
GCNI',"ThN-'!
4	 ^.000
1^•,
47 , "1000
-----
1'P AXI',' k, U 1 1	 ','F%Tk','uPV-',	 '-VUL','F/MA','LKER',
4`.000 1.	 ALG','0k11','HM
^- `_.000_ 1' M AX1'L'MUM	 J'E!^T^t'f'U P_Y-' , '- A DA'L'F' T IV__1'e-F I 't'-LTe R^ _r_____
4•,(,000 1'	 ALC','RTHOw
4`7.000 1' A:,AN','TIVE'f'_ FIL'l'TFk-'['-*FI','GH15',4*'--
.coo 1'ADAF','f1VE','	 FIL','TFR-','-P;F.','DICT','FU	 ',3
^.ti.CGO 1 "C	 uc • ^'LfX	 COVA','RIAN','CF	 ',`•'	 ^,
0.000
----
1' ►'11LT','I-LA','G	 CJ','MNLF','X	 CU','VAkI','ANCE',3*'
1.000_ _FisUIVAL- NCc	 (IHFAD(I)Ii_)kK( 1))
_	
r- -	 --
_
'1.000 IESI=U
;J.000 r
Y-4.000 C - UcT	 SCNF	 INF,IRNATION	 ON	 THE	 INPUT	 CATI
.000
I
C
-	 -----	
-
t.000
O l
CALL	 A ►. I 	)ICE	 u
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_	
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UF	 UALITY
t. coo C
_ 4; y .000C._ y _	 AbRP-NANKC% bAhh NAYLE 1CH PkUCESS_—___.
470.000 C ^DC
_
w;	 ^AtiT	 Slt► USUIDAI.	 Urt	 NhRP
	
OUTPUI	 OF	 SYNTHETIC
4' 1.C uO C
<	 1.000 2G
_
CUTPU_	 'SINLSCIUAL(1)	 OR	 NEkP(2)	 SYAThL11C	 DATA3'
_473.000_ _ INYUT 1S4WDAT	
-- --	 --	 - ----	 --	 --- ------
^4.000 OUTPUT	 ISYNCAT
`•000 CIt.
r
000
---C ---	
-	 --
GIVE	 THEM	 A CHJICE	 OF	 ESTIMATCkS
z	 P.000 40 CALL	 'OVAh$	 (C,(50)
^'y,000 __1'l'i (7	 'Th%	 FCLLO n ING	 FS1I^ATCF5	 APE	 A^(R^LAELE	 51%CLY	 CJ'
4b0.000 Cv7PU'I	 '51OULTA%EJUSLY.'
f
l,000
 __-
GLTNLT	 '1tiFIo7	 4	 Llf-YO-9	 :ANT	 THE	 lNr1CATE.D ESTiwAIOFf_Q
2.000	 OUTPLoT	 '	 '
-493,000 	 CC 100 I=)1 E-- 	_	
_ -
T' , 4.000	 h	 17h(I0,I000)	 (LAHcL(J,I),J=1,10))
5,C)0 1000	 FC- Ll AT(:0a9)	
--	 —	 -	 --	 -	 ---
4 4 t.CL0	 1G0	 CL%TINUL
`J	 Erna	 C	 %9w	 kkl'kINT	 NAME	 OF	 ESTIMATOR	 ANC	 ACCEPT	 A	 1
L' ° LO 0 0 c 1	
- ---- ----- - --
	
--
T
C"C ^^ 0	 C
I, C : ! o	 DC	 AGO	 I=1,E
ti^20003	 hF,TE	 (10,MiC)	 (LAIJEL(J,1),J=1,10)
C{ 0	 1026	 FL;! P -	 (z0 n 4,Z) --- -
4.000	 19 10	 INNUT	 1S1
•
It
	 0)?	 ,^UTPU1
OR 0 AFT_k
0E.000	 IF (ILT .E:U. 1)	 ISM(1) _ .TRUE.
1.000 2C0	 CCNTINUL
't.000 C
4 y S.c^0- C-__ -- -	 EST I -- ADAPTIVE (FOUF IEr TFAh5FUFN)
000 C	 IE ESlI"O ATUR 6 WAS SPECIFIED, 14F KEEL TO KNCi.
1LC 09_ C	 "A-Nl _.C1'?P U T_VAT9 PCPTS-------
S"i. COO C	 Cr.l' FROM THE ADAPT: VE F ILTEk
PhED1CTED
HL 
"JI U00 - C
 ----	 -	 - -- ---- ----- -----
	
4.000	 IE ( . NnT. I ci, (6)) Gn TU 300
5v",000____	 DUIPL ► T-DU YCU YAhT.-TU LNTER MULTI-LAG FFCN_aLPF1-YES^O-NU'
	
5 t.000
	
INPUT PDAS
	
7LCv0	 __1F	 s # I c 91)151112	 1kV.v
 -	 --- --	 ----
	
b.0u0	 CUTNIIT '*NUkPLR OF ALPF PREDICTION SAMPLES TO USE'
1!,PUT NDAT	
---	 --	 ------	 -------
11-0.000
	
OUTPUT	 NLAT
I. C00	 C_-
511.000	 C
	
IF	 MAX	 ENTRUPY
	
E:STI4ATOkS
	 WERE	 SPECIFIED..	 i,E
;'-! -4 0) -C 	-- - -- -	 T Hl 1-k	 P , ..	 ---
°s	 4.011 J
	
C
x1:.000
7.040	 _	 1F	 (.'^'	 9R.I.N(?)))	 GO	 T 	 :10
1t.000	
-	
L)UTPUT
	 'ur.Jkr	 OF	 MAXIMUM	 cNTkOPY
	
ES;I^AlCPS-
	 -
ASK FGk
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So 000 1 kr(IT ^UkI)	
_ -	 - -- —	 ---	
_	
- ---	 --	 --	 -
y^ 0.000 0UTF'UT LilkJ
"^. I. 0 0 0 Cc T X 320---- 
512.000
—
C
3.000_C IF MAX FNT"Ol Y_Vi1_T_SP_FCIFILDl W ADAPTIVE I .I	 THE5_
4.000 C wE	 ASK	 FUR	 Thtl H 	LhDER	 ( IT'S	 1HF	 SANE	 THItG)
S2S.000_ C _-
`_''0.0o0 310
_
IF CO TO 340
7.0u0 _- - OUTPUT 'URUEF_CF ADAF'T_1VE_FJ4Tcl.'_--___-_-
51o.CoO II.PUT LnI•U
tips,. OC 0 G UTFUT L jF D	 4
0.0c CL	 I(' 330
O_C
` 4 29CLO C IF	 If AFT1VE.	 I;	 SPECIFILC j	ME	 REEL	 SCOF	 OTHER	 NEAT
`	 ! . 0 U 0 C
_
_ N A H A 0 T E k S —
	 -	 - --- - -- -- - --------- --	 -
--.4.000 C
_5'1` . 000_320 It(.!•-T. ( I S k(4). nk.ISw'(5) . CF'. I S ►► (E) )_GC_TO_ 34 0
al
ADAPTIVECCNSTANI	 ( ALPHA)
.000
--
I%PUT ALPHA ----
	 --	 -----------
	 -	 ---- -- —
S3e.000 OUTPUT ALPHA
000-c
-`^
90
G.coo C IF	 ftx	 ENTPOPY	 OR	 ADAFTIVF	 FSIINATCPS	 NOT	
-
5410000 C _S_PtC lF 1 E-D	 A%0. IF	 w_ULT 1- LAC	 C0to ?lLL Y	 CAV_ANI A-%C E
-
i 2.000 C 15	 SFECIFIFD f 	THi1.	 GET	 NUNtiER	 CF	 LAGS	 (GRDER)
b!4.000 X40 lF	 (L- q U .EL.	 -1	 .ANU.	 GO	 TU	 341
1 50003_` GC-	 TC ;42 _-
r.CLO X41 GUTFUI 'GkDt^	 OF	 MULTI-LAG CCMPLrx	 U'V01ANCE	 ESTIMATCR'
7.000 1 N PUT Li1KU ---
54t _0C 0 a i1UTNUT LOkD
g o 000 c
` C.
/
000C IF	 SYNTHETIC	 GATA,	 wE	 KELD	 TO	 Kt•CN	 lbF• AT	 FkEGUENCY,ETC
V J 0_ c
`. ..000 342 ilF	 (1SYt:l I AT.EG.0) CU TO 350
3._0 .00 fl_U_THUT _'FRLCUF h C Y OF SVyT IiFTIC DATA'	
--	 --
-----	 —	 -
_
.^4. COO 1 hl'Ul F PEW
S.000 G UTPUT FP<EU
t 0 0 0 C	 ----
_	 7.000 C	 _ A_ND IF - 1T - 'S NURP !)ATA, itt -NEEG .- A h-ICTH,. q
",b.000 C
-Z
x.000	 _	 I F ^ISVhI^AT ._Fl y . 2) C O TU 2. 323 __
	
- 1 0.000	 343	 OUTPUT 'S.Nk CCF 3YevTHETIC DATA (bb)'
`_
	
j
51414
61.000INPUT SN4
^.000	 LUTeUT St
 "+ C00	 CC TC 3o ,
^4.000 2313 GLTFUT 'STANDAPD	 UFVIATI I ;:o	 CF	 SIGNAL'
L . CU0_ I', ► ' U T S i ^^^A__
t .-C 0 0 GUT, UT
-_-
.; 1 G'1A
. 0 7 . C 0 0
-
C L _ T i J 343 
	
--- -- -- -	 --- --- - -	 -- -	 -- - --
	
-- --;
-	 ,)t.000 C
)9.000_C -_ _ NUT	 IF	 ACTUAL	 DATA	 MF - REFU	 SC ►+E_ CTHEP_PAPA_PETERS...__
e. in . rnn
_
r
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'111000 350 OUTPUT	 ':5T1 1, A7EU .► 10E-hAN1)	 SNk	 OF	 CATA	 (CP)'^SKa
"I d,000 c
3.000 C GFT	 1nF014 4ATION	 AnOUT	 FFT PFOC'ESSING
14. 000 C
x:.000 .lbl IF	 (W-T	 .LT.	 1)	 GO TO	 3LO
_ 11 4 000  OUTtlUT	 'TOTAL,	 NUMECk	 OF	 INPUT	 DATA	 POINTS'
,7b. 0(l0 1NFUT	 N71T
100000 CUTFUT	 NTUFT
0.000 IEPCFLT=O
--^h^„._C!0 If _his.(1).C^+.ISw^:1.Ok.ISk^^ . .CR.TSN	 1_).CR.ISw^S^.CRLI"^.(^	 ----	 -
2.000 •.Ck.ISw(0)	 15NCNLT=1
J.G Ih	 (ISFCrLT	 .F6,p	 1)	 GO	 TO	 361
5 F 4.00'0 CC	 Tu	 jr v
.lt7 CUTE ' l T	 'L!- NC1F	 CE	 T L ANSFf ^ v	 h Ch	 ')PLCT1• Ua	 (PC REF	 OF 	 2)'
't
	 0 1 NP117	 t.NTS
OLTFUT- NrTS
-	 -- --	
_.. .- --
G0--c —- —	 —----
	 -	 --
'	 '5,000 C Cl,=*0	 IF	 IT'S	 APPkCPFIATE	 TC	 ASP	 1► ECUT	 wI%DLMINC
40OUO C (IF	 IT	 ISo	 UO	 1'')
i.uj0 30i 1h(1Sa(1).UF•ISw(5).OK.ISr,(0)	 GO	 TO	 391
oon C C	 '­Y2	
_	 __ ..	 - . -
_	 _T(;
S o 4,0S0 3101 CUTFUT	 'wINULw1NC	 FOk	 FOUnIER	 TKANSFCk	 S	 (1/0)'
CCO 1'.NUT	 1 ok'.UM
CC, ) Cl)TPU T 	 1 a%:ja
IJ
 97 , C"0 C
-
,. ''E0000 C ANDo	 LAST	 BUT	 N')T	 LEAST...
d+y^000
-C --_
tuG.000 3512
—
IF	 (I^^(1))
	
GL	 TO	 393
t- n I * M) Go To	 3v4
1'2.O00 393 CUTFUT	 'h F 1	 AVEkAGING	 TI v E	 CGNTSTANT'
0, v J, C00
--
-1NVUT	 !.AV	
-	 - --	 -	 -	 -----..-	 --
, 04.000 CUTFUT	 %AV
c	 ! ^-Oc7 )Sg
-
-1F (NAV.LC•C)._NAV-=1
	
-	 ---------	
_
f- it. 000 CUTFUT	 'NU W rLe	 OF	 ES1 I ^4ATF S
t07, C C 0 _	 _  1 P.H)T	 N r S _ -
1— t.CGO
a. 1 5.
CUTFUT	 t.cST
C^0
- -- Ih	 •''F `T,(;T,) 0093	 %' ST=1000	 --- -	 -
61C.000 IF	 (151'CHLT	 .LU * 	1)	 Gil	 TtJ	 395
t^:1 GOU _ CC T(	 X96 _
	
-- - - ---	 -	 -----
-
t	 d.00J 395 ULTPUT	 'Sl, ! M7	 Ufy	PLnTS:	 LENFAP	 (0)	 Ok	 LCG(1 )'
F f ?. 000 _ — INPUT	 LOGSCL -
u 4.000 OUTPUT	 LnGSCL
c	 S A C^0 39t_ IF(. NUT •ISM(E ))	 ti:jAT=64	 -- _--	 ___--
00) C
-.
0	 TPUI'1'.I'UT	 wGTS(1)'
E	 0 C  I'.f'UT	 wCT 
C L J C OUTP1	 - 1 NPUTwG,TS(1)1
L 09
G20	 000 C	
—
UUTNLV INPUT	 MGTS(3)'
t	 1.0	 3 C	
--
_	 I%PUT	 lhG1S(3)--
	
^.._-- -- ------	 --
2.000 C IjtlTNU1'1NPl)T	 wCTS(,*,)'
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2:1.000	 C__	 I%r,UT	 hCTS(4)
24.000	 OUTPUT'U0	 V(U	 WANT	 HOCOPY	 I-VES,O-NC'
25.000	 _	 _	 INrUT	 HUANS
620.000	 IF	 (Hf ANS.EG	 1.4
	
)CALL HDCUPV	 - —^ 
?7. C00	 CALL 6 pASF	 _	 _
.?E. 000	 RE Tl ► kN	 -
s ? S . 000 	 F N 1, _	 _	 _ _ _	 ORIGINAL PACE-18..
-
1 -31:
3 0 000  C - -_ _ _
	
_--	 ---	 -	 -- ---	
--- OF POOR QUALITY
'  
	
CUO	 C
61(.000	 C
J
?3 .	 C000
 4. COO	 --	 SUr ^^UT 1 Nc;	 11	 1 T	 — — ------	 —	 ---..	 --	 _	 _
16.000
	
C
^
" • c.•Cu)	 C• ......................................,...............................
-7.000	 C	 --
0	 0000	 C	 THE,	 CR,'.NL	 7`ITIALI?ING	 kOUTINE
t !S. C00	 C	
--	 -_	 __-	 --^ - ---4(	 C20
	 l
41.C"0	 .......................................................................
t4.. C', 0	 C	 --	 -	 -
_ 1 4-'. C00	 CcwMr%/Si+F C/	 1 SNCFL(7 ), I SPC
44.000	 CCM&,Cti/INITIAL/ 	 IkN,IFF, %o TfuP	 -	 -	 --- `—
_14`.000	 Ct^^0	 N;. ST,I. A V,1 r_", T l l.'II , w,L-C4D f ALPHA,wC_T5	 1"1r^N0-_
:t.CGJ CC rv ('./SIGNI/	 c1 :(1024
	 6SL7(1024),k%P C 	IC 24),
1 7.cU0	 1NrTSF,'.F TS,,IBS'. 	 T,tiTl1T,'1_^NT,F'SIG,Sh^F^S!^F,	 -
c 4E.003
	
21SYN. AT,GSIC,GN( ► JSf',Fir:U,SIGr^A
' 44.Ov0 _-	 CCwwCa/I',.Si
	
>rn '',-'A(10), 1CT,LOG;,C L,F :kST, 1FXFL,LNA%'F(4),LFL
>O.000	 C(w%or'A/L^4LS/1 AurL(20,o)
^ i 1.00o	 _L( ,1 CAL	 FIk51,L1'L
E5i0000	 CLwPLEX	 S1G,wGTS
`3. Cco	 D144NS10%	 DATUy5(2048)
`4.0" 0 -	 -- U1 10 ASION	 ICAT( 1024)	 -	 --	 -------
t"	 0	 0	 Ft.UI^ALFNCL	 (CATUMS(1) 1 SIG	 1	 )
X7.000_100_	 MCkK(1)=('.
c`t.000	 C
_	 y . 000
	
C
''	 ( 5(.000	 C	 —	 SYN'1hETIC
	
DATA	 (NRRF)	 DGES'NT	 ht ED	 ANYTHING	 DCNE	 FON	 IT
c^ 1.000	 C
^
x ..000 C -	
-	
NORPAL17C
	 MULTIPLICATION FACTGkS FOR 	 SNP
• ..coo	 C	 _T l1 TAL	 INPUT	 POW E R 	 (VAkIANCE)	 IS	 UNITY_
I
'^ .000	 I"^OISF=I./(I.^SNkF)	 ,_--	 ._.
7.000	 FFIC=1.-!'h;l1SE
t	 ^. C v 0	 --- CSF,1 Sl 1St. ^T(1 , K01SF/2.)	 ---- ----	 - -
^.CCOGSIt;=StkT0'5IG)
7 , . C ) 0	 C
_
	...- - 
t 71. 000	 C _ _ 	
—	
GF T
	
NU .wbER	 OF - TkA I	 I NG	 POINTS	 (I• C) JCR	 ALNF
_
f
7.	 coo
	 C
7 . 1000	 C	 Kf=NIi ► 1-NIiA'I
p 7(. .co)	 C
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17. coo hFTSF=1^i 1S	 _
COO C 1F(hPTc.GgoAICT)	 Gil	 TO	 600
1
7F.
1 y .000 C =tLCG(r Lt ► AI (K TOT)-I .)IAL r)	 :.1! I
;6.000 C hITSF=:••M
_ it A I . C G 0 C	
_
-	
-.. _
	
-	 -	 --	 ---- - -- - --- -
.1d.000 C SF't	 NAi•AMETEk;	 Fuk	 PLSPFC
_ .	 Q 0 000_C
t94.0^O o0U t Ii,ST=.Tr( UE. 	 1
I&. J CGO_-^ IPX f L=G	 J
1	 u(5 c
— _ -
t m '/.C)0 - - X hilt, P	 I )=PSI6*%T0T • PW)ISl	 _	 —__---	 ---- --
-
ay•L^^
_^Ih,4^(l)=(Sf^PF•Lp^'Q_•
	 1•)	 ••	 i	
- -----------	 - - -
rO.0 C
y I-	 C XAO^^S" )_x^CPMS^Z_
----	 —	 --- _
t
	
4. C00 C
+ ^•C Yr- 1. /L1140	 .	 1. /Sy? F
	-	 --	 - ----	 -	 ----
i; +c. Gnu C 0AG!.	 L,	 4LPf	 we1GHT
	 VECTJ rt
V0 	C-0 ; X= XK•XK
X4Ui•N(' )=NK'LCrU
is C
UO.CCJ tr= (xK•LGnt,	 PS1G
"oI	 r,:. 0 C - ALNF	 IS 	 I N'•i	 •	 NS1.^
_
-	 --	 --	 - --- -	 --	 ----- -- -
03. CGU C
^3to000 XN_"	 N11 )=1.
)t.L00 C
'! 10. Gu0 ihD
1 1 . c .1 0 r
- --
1 2 . c Jo
C _ - -	 - — - -	 -	 -^ -- -- - -^
1:.0?) ('c
-	 - -	 --- -- — - - - - -71 4.000 SUNkOlITI NE 	 CETS1G	 (SIGP#ik)
— ---
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114C.000 --- -	 --	 --- -	 ---	 -- ---	 --	 -MCTS(I	 )=w(;TE(L)•Lki1L•C(INJ('(SIG(KK))
41 .0( n !0 CLNT I'.
14x.000 100 UC,NT 1 ►,0	 -	 --	 -	 -	 -	 - --	 -__--- -
124
O
RIGIrIAL PAGE
Or'QUALITY
_
t143.000 101 hOF=KO•I
_	 _	 - 1 , . 000 C
(il4 l^.000 C  k14G OVEk,_SAVE UUTPUT_	 _TkAl—
C -	 -	 - - ---
^
114t,000
147.000 C:	 100	 Kz444S,512
.14e.0o 3 1=(o.10.)
11 4 y . 000 C
i15C.000 C FILTEk	 TO 01	 KTH	 OUTPUT
1 151 .000 C
1152.000 CC	 210	 L=I,LGFD
15_3.000 KK=K-L_
154.:.00 YLIJTT=)'JlJTT46CTS(L)'SI 	 KK)
1151,.003 ,10 CC%T1 ►
.uF: ------ 	 --1St. C0 ^)-i` ^	 - - --- -	 -----	 ---	 - —__-I	 157.000 C A: AFT	 o,;.IGHIS
115510(5 F^=^1C(K)-XCU7T
160. o od-
__
E	 uF= F F *XmU	
-
1161.CGJ tC 2'l0 L=1^lCkD	 `__	 __	 __ _
llb^	 600 K ► =K-I.
163.003 PCTS(I.)=w,;TSSL)#r_kOF*CO'i_JG_ASIG("J)
1E^.000 C OUTPUT	 L,w(;TS(L)
Cc 0_11615_. 2	 0 C (I N T I_h_11F:
1 0 7 . 0 : 0 C. 1 : (r - ti - j )_ A G U T T
---	
-- -	 -- --	 —	 - - --	 -----	 ---I1od.000 AGO - - C: %1 i 1.UE
! 1 h5. Coo C	
-----	 -
i f	 ('► 11'7.'.:. hG)	 E I S=F m S/ (,+TOT-%C)
-	 -	 -- -1170.000 --	
_	
-- ----	 -	 ---------	 -- — --
^- TUkN
1111.000
	 F'.
I'
Lo^iCu 0 C -	 -	 -
J1C.Ou0 C
1	 11 It C00 .C, ---
—	 ---	 - ------	 - --	 -l2. C00 : ulikUul 1 NE	 CCukk
_	 3 1 J. CJu C
J14.000 C ....................................... ...............................
31 :,000 C
11t.000 C CiiM1^ltX	 C!1kkE1.ATIUN	 k0u11NE
j 17 : C 0 0 C—.
 MMINAL'_
.! 1 r. Gu0
.
C — -	 — --	 — -	 -- --	 -PM fOF POOR!S
-	
51G	 _IC,NAt,_ QUALITY3(,7 0 000 C	
-
_S
4 J200000 C LURC	 UkUE:k
_I-^:Is- 0a0	 C It _	 UUTI'1JT_CiiFFFICIF4?S
[
j22.Cuu C NTt11	 hUNflk	 OF	 1CTAL	 DATA	 NO1^1S	 Ih	 SIC
- ^:J,040 C
-	 -
Ij 24 .000 C ................••.•.•..•..... .......................................
ccu
—
li2t0000 Cf.^'^Lh/S./1:.(0,15)
O Y?^ Ci.^'^t^ ►^	 hcSTy^AV1	 STj IsoV;j,,LOf' jALPHAfM(t^(1^F?,N^i_
3:x.000 CLN"Lh/:.I!.hL/	 51G(10:5	 LT(IG24),wGkK(1024),
^ •y ^ 0C' 0 ---- 1A1"? SF,'t'TS. ► STr+T,NTQ';,tiii/,T,f'^1C,ShkF,SN^.
x.30.000 215Y%1.A7	 G5IL	 C%01Sk',Ikk	 IC	 A
X11, OGO CCOOrL ► K	 S[^,k (12y).000^,.^;TS
j32.000 k(.UIV ALt_hCk	 (i^(1),kSLT(1))
-	
j - 3	 000 LUGICAL-1i W
	— ---	 —	 --	 -	 --- - -	 -1 X34.001 ILUk1i=Lo)kU
-4
>>^ . Quo C--
3 C IF	 SIC	 AkkAY	 IS	 COM41hG	 Fl(nw	 i.LPF	 USE	 THE	 FIkST	 NDAT
	 PTS	 of	 THE	 >
if . Ou0 C Ih	 (. N . (1 S 	 (1 2
	 T;)	 10 
1
J --	 ------ - -
1j4L.000 C hbJ=N1)4T
000 C C(-'Tli	 1 2`+0	 —_-	
__
1
^ 4 19
i2.00u CC
j4j.000 CC IF	 $1r	 AI•kAv	 15	 NOT	 CL I1 1 1'.0	 FkG10
	ALPF _USf	 1 11 1:	 LAST
	 ^DAI	 FTS
X41.000 CC
4`_, 000 1 Q^;L_ nI ' = 1	
----i i4t. OuJ --	 -	 -NiJL='.UAT
X47, 000 __	 1G54	 1'J	 10'. 1	L = 0, 1 LQFP	 __-_	 -	 _	 ____-	 _	 ___
4r. CC) 0 C 	 UM= C 1,0 1'LA( 0., 0. )
Ij5U.Gu0 VL l0U K=NjLjhML
J3 Ll i	 COO - 20) . _C5U'A = C''U4+(7CKJGf c'-	K	 • ^1G
	
K ♦
1352. CUO 100 k (L+ 1)=CSuM/hTUT
3i3. C00
 --	 --
1•	 TUkP.- 
.-15 4 .000 t h U	 --------	 --	 —	 - --- —
F;
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ORIGINAL PAGE 191 a034 0 0 0 0 _ 5 t ."	 c; U 1 1 v F	 : 1 9 V K`	 ( I S T, .1)	
- -
OF POOR-QUALITY1 ii J 4. 000 C
111b.053 C
--1 4 0 t. C V J C	 ... 1 0•,IN ., 1 1 1 1. 0. 1., 1 1 0 1 1 0, 0,• 1. 0 0. 1 0,*
1  -01 2 coo
-	 -	 -	 --	 --- - - -- —
	
-	 - -	 -- - -	 -1, Ot:,000 C
141S.00o C WUUIINF	 Tn	 CALCULATE	 FIPST	 CI1•CULAR	 MUMENT	 (I~EAN
1	 10.000 C Fs LUENCV)	 AND	 HALF	 PChik	 MIRTH	 CVER	 ENTIkE	 SFEMT	 UN
1	 111C3o C _ AND	 1N ► N	 RFCALCULATF	 Pr^FF _[VIP	 ONLY	 SPFCTFUM
1	 'Ii.CC'0 C bAVCwIDTH	 APUUT
	
MFA%	 FkEG.
141j.C.J C -- -	 --- -	 --- ---- - - -	 -	 - ---	 -------
	 _.
1	 14.600
1	 `_.Cv0 C kSL1	 A6kAV	 M'I1i1	 SI•F.CTRU-4
141t.0
	 J C 1ST	 NUMhLW
	
JV	 FST110AT(jk
1	 171C'0 C )	 NUmULk	 Or	 FSTIwATIJN
1	 1t.c00 C %PTS	 NUMelk	 OF	 POINTS	 IN	 RSL1
_141 y 9COo c1	 :c	 0 ; , ,) - C ..... ......... . ....-.:.::::::::........, ..,........., ,.......,..........,
1	 2 1.033 C _ ____
1	 22. CCO r
i	 2	 .000
-	 -
Cl ^„0l, /PPS /PFAKS(3,10.e4,N)
1	 24. C0) CC M N, _`N/SIurL/SIG(1024),- + SLT(1014),wOPK(10: 4),
-1-	 2`903J_ 11fTc.FI to- TS f k^1FT f_N TUT1 hJAT.. tSIC f SN	 ^SNr
1 "<<.CO3 CCwv- ►,/ ► ,LS/XKCPIO(10),ICT,LliGSCL,FIKST,IFAFL
C , w t L' A	 'SIC
1 21-.00) C
1 4 ?S.000 C FIND	 FIr",T	 CIFCULAk	 NJM:NT	 AND	 WJTr
1 .0001 3C C
3IlC"3 .rig (.M=t,1^,^IS/FL-Q^?^^LS^ --
	
---	 -
1432.000 SUNC=(J.0
1	 3:4 .000 ;LwS=0	 0	
-	 -----	 ---- -----	 - -1	 1 4. CUO
1
Pi wFl	 =	 0.0
1	 3`. 9 Cu0
---
0-	
-------	 -	 -	 -	 -
1	 t.00u wIC1N	 =	 0.0l'i3 -?_q C p 0 VC-16.0	 I = t., NP15-F•—
	
---	 -	 - - --	 -	 -	 -1ti.it.0)3 S1=1•SLT(I)
1 1399 C00
-	 - -	
w:P^	 Lis	 LUA1 ( I- 1)	
- --^-	
_ ---	 - -
I	 40.000 SLkc=SUNC+lSl*cos(w)
1	 4 1. COO
--- SUVS u14S•51151N(W)	 ---- -	 - -	 —	 -	 ------144 ,010 F,CwLk	 =	 PUNER	 •	 S1
1_	 43. OJ) FHirN 1	 =	 Fmgq	 + eW--_I - - S.I_
1	 44. Goo i IrT ►'	 =	 w1D1N	 •	 SI'w'W	 ---	 --
1441.000 100 ccNTI%uF:	 _	 -- —	 --	 - -	 - --	 -
°.OG^ FFWNI=FN„41/PC'NEk/6.28;f1y11.4t
1- 7. CJ1 Ft. (QL A= ATA!.	 8319
i .W.CuO C LUTPUT	 J,F1•F(PA
1	 .4ti_0 C00 hFPu=Fi,	 u:oA'I-PTSF+0.5
000 _C
= -
	 47N4-
	 --	 - -----	 ----- ----
Cov C
COQ M1f+TN= ►+ILT	 IUwFN/:i9,47	 4	 -	 FNW	 1•FFNI.1
1-.54. Guj .111TH= SWr T	 11)T P
4	 127
5.000 IF(Fi•tsDA.;; 1.Of5) _ t_RCUDA = FHFGDA - 1.7
GI21G11dAt-PAGc ISI
!45
I ts C 0 C OF POOR QUALITY7 * (LO C SUm	 UP	 F CoZ.	 CIIER	 SPLCTRUM	 MIDTN
:4rS.C,)7
410. O0D %1=hFnG - %Pr
461.Cu0 till=t^^TSF•NI
;44i.000 -- 1r(141.Lr.1)
	
^1=1-------- -	 -	 --	 ----•-	 -- -	 -	 ---	 -
14	 ?.CJJ N2= Nvl'	 ' ##Np
`1414 .000 - --It(N2.C?.trl'1SF)	 N,5'-=NPTSF	 -------- -	 --	 - --- ----
14	 `.C,.0 Pfv_64=0._
1	 I.0"`0 200 PCwr k =P 'A-k•FSLT(I )!-
;O
-•	 -	 _	 --	 -
GG	 2 C I
	
1	 1, ►.PIgF
. 4	 x .0:0 ,01 PCMF.1%=P'_	 EW4kSLT( I )	
-i4	 C.C)J PCPF;=P , wEhoNOkM(IST)	 --- --	 -	 -	 -- --
1411.CD3 C
1^ :.000 C FLT	 T!!E	 TIt'^fE	 YR^+^AbLFS	 ThTC	 AN	 AF - ^AY,	 RhC	 y	 i
-14
	
40C30 PE. Ar S (1,J, 1ST)=PnwLP	 —
Pr. A0S(_,JI CT)=F'oiU.!A	
------	
-....1 ___
14
141'	 009
t.000 ------ PFAr.S(1,J,IST)=rTUTH	 ----
14 0	 C00 C UUTVUT J,FhtLDA
4 114.C.C.O C
14^1.C:0 C
14^:.0 -j0 FLSNFC	 (	 IST)—
---
_SUI_RCUTINE
—	 --24c4. GG0 C
1 C	 1) `fff }ftf•R} • .f}fff}}fff}t}ff}}fff •ff t tf}}ff*}•1f }f. f }}tf }f}}1/f}f.. •t• t•
-	 -	 -y---14 I 1.000 C
♦ ^^7. c ^ 0 C
2=	 x.000 C	 - 9OU11NE	 TO PLOT THL	 SNECTRUP	 IN kSLT	 ~-
- -.4-0.000 C kSL1	 AkkAY	 C , )%TAIK-It.0	 SPECTkUM	 r
14 1^1.cco C_  NPTS	 NUMH	 R_OF	 POINTS	 IN	 k_SLI
; 91 1.CGO C
_
—	 1ST	 NUMuLk OF	 ESTIMATOR
;4• ,:.000 C _  IPE.0	 _	 NU m bER	 OF	 F'	 CORD
4'4 y 4.000 C LOGECL	 FLAG	 FOk	 LINEAR	 Ok	 LOC	 ILCT
1E.000_C 	 xsnFM	 AkkAY CI) NTAINING— hrP w AL12ATIChS —__
2 c .000 C	 —	 — 
	
--	 -
1491.000 Cfff.•••••t•....• fff•f•f• ff•f•.....•.•••t.•......••...•••f••••t••..t *• .
	
•.000 	 CCwyrh/c^IGyI/SIC(1o24),kSL7(10 ^4),wGNK(iC24),
	
tH C00	 1^PTSF,t^TS,t51RT,4TUT,NJAT,PS1G,ShkF,SNP,
	1.000	 _ 21 SY%LA1 1 GSIC I CN ISE,FREQ,#51GI"A
	
;.000	 CcwyfN/NLS/ XNCPP(10),ICT,LCGSCL,FIFSIIIPXFL,LNAVE(4),LPL
	
15'..C30	 _	 CCP^CN NE ST, NAV/IE:ST,IWNUoi,LUkDjALPNA^kCTS(_I2r),NO
r-
	
11'e,000
	
- -C0k'I nN /Sw/ISw(U:15)
	
f
". CUO 
	
COPPL'_X 41 r,wCTS
1t.000	 -^ LOGICAL F1kST,I"L,rLCH,15^
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"i
1
I`-07.000	 _-P1"I,t,S10N'	 11 1 10), II M (^)
-
1	 t.000	 1SII =1ST
1' S • coo 1
	
_ _ if ^ts^(1?^1 sz4T4.95-- -
	 -----	 — -- ---
110.000
	
-	
Gu y u 97
1` X0000	 y 7 	 1t (LLi;SCL) 1CG,100,^00
1 `' 3. 00)  C 
— -	 ---	 - — --- — -- - --- - - - —1S14.000  C
	L I NEAR SCALE
	 ORIGINAL PAGE is
QUALITY1	 r ./000 100	 Ypw1	 0.	
,ITT	
DE-ROOR
1.1.000 YT1C =Y"AX /1C.
1	 000—_ SL T[	 ,lGU	 —	 —
--	 -----	 -	 ----- --	 ---	 —
15: C . 000 C
l^	 1. C)0 C l.UG 5C4j	
-- -----	 --- -----
1'	 t ^	 000 C
_1:13.000 !OQ Xk 4=XNL]t44j IS-TT)
-
-	 --	 -	 —	 -- —	 -.	 ---	 -	 -
I	 1t.000 C Y6XX=3.
15.7 *- 000._^^II It = 1C, - —
	
- —
	 -	 ---	 -----	 -	 -	 --
1' ?E. 000 C
^?yiC30 C -	 -- S_T - Uf 	 w1N;l0i^
153C.000 C
•Cr`0 3G0 GILL	 7.1 ►.DJ	 (1O,lOQq,25,70C)
111: .00) C si,T	 r	 NFISF
I`>;•0j0 Yrax =tL(iAT(KEI SF/ 1)-
I	 ?4.000 --
-	
—	 -	 -	 --- -- —	 - -	 -X"I'4=1.-X!+AX
7 3 1_.000_ CALL U•IND_,^__SX^Lt^X!!^X1YNII.^YN^^	 --	 a	 _
l_3c.COO C
1 1 3 ?1 cop - C _ _ ._ -	 I F . .w 1 TCN	 13 .1 S	 UFO , _DO	 AN	 AXIS -ANN	 kEsET - IFXFL
I 3E. C00 C
39.C)0 -3GO CQ-TI ►► Uv-
I`_4C. 000
--	 --	 ---- -
	
-	 -	 - — -----	 ---
1F	 ((. NUT. FIF+ST)) 	 GO	 TO	 400
J
1
41.,L-Cr, 4
-A-Y1'1• -	 --	 -	 --	 -	 - —
1 4,9000 AX1=Vw1N
154:4 .040 AX'=F'LUA1(t.PJSF) /1C.
 __.	
---
	
---- ----	 -----------	 -----
1144.000
1l4:. CUU-
AX4=YT IC
---
CALL R X 1S(^X1,Ax2^AX3^AY9) --- -.^^	
__ ---	 -- -	 --
Ib4t.COO IPXF-L=G
47-AS9) S —	 —^
1	 4f.000 C DETE^NIAE	 OUTPUT	 OF	 DASHED	 LIRE
1= 4 ,-•000 C	
-- -	 ------	 --
1`5C.000 400 L=ISTT-1
1`-1. 040 __ 1F	 ( 1 ` 7T • c 1. F )	 L=3	
---	 — ---	 ----	
- .._ --._
1 :`_1.000 Ir	 (1: 71.rc^.t)	 L=4
11" ' 4 	 coo C
PL01	 SPiCTKUM.- --
	 -- — --- —	 -----	 ----	 -)`lf . X07 C
1 ^7 9 C 0 Q
--
t,I TS ^='.NT('F /2
 ---	 ---- -	 --	 -	 -----	 ---..
	
_
11.5t 0 C0u Y=hSLT( 1.1'7	 )'i• 1 )
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I	 Coo  IF(V.14,0	 UTPUT	 Y,xv4NjF$,
I	 0,000 Ir(LL(,;,CL.u7.C)	 V=10.*ALU^10(V /XNkM)
bl.eco0 pR1 w (1V:A	 (X Y1Nl^ _CALL 4)F	 L
I`62.030 1M  1 f•=2— f,PT5s
(
Q^/1L17•Y1	 -^.CJO ur	 bcc	 I=Iwlkf0
1	 ^i.000 X=1
15t5.00 1) Y=FSLT(RFTSF^1)___
I -
	
t . 0 u 0 MLCG5CL.G1.C)	 Y=10.'AL0C! 0(V/XhkM)
_1.:7.000 CALL	 I'ASNA__ixl_Y1.L)
15ot. Coo - !00 CCNT l %Uc
1	 S y . CJ) C'	 501	 1 =1,hNTS2
1	 70.Cio X=1
1' '1 1.000 V--	 S 	 T(1)
1	 71.000------ Ir(LL(`,:L.';l.C)	 V=10.9ALuC10(V/).'.h14)
1	 1?.CoO_ CALL	 ASIA kYlV,L) 
	 ---_---------- -	 ----- ------
_
1	 74.000
	 Si	 ^CC`i111.11^
1`'► S.000	 t_0 C CA LL	 A ►.'+-1 ( F
l^^c .000-C NNTLt =tiNTZF /i
I	 .7 7 . C 0 0 !, i	 1.	
----- -	 -- - -- -	
-- -	 - --
---157r. Coo L%:)
1	 y C. Cil C
1 1 11 1. Coo C
000 „I-jE CUT) %E	 PCAV	 (ISTT,ILP10)
1 -., * COD C
--_-
--	
-- -	 -- -I "t4. C J0 C 1+LuCK	 AVi.PACE	 F 1kST	 NRV	 LSTIPATF S
1	 ^', .00o C FVVuNr'.TIAL	 AVEhAGE	 AFT^ld 	FIPcT	 ^AV__----
1	 -1.000 C FLT	 Iti	 toSLT	 F C R	 NLr11TING
1 .^ i. 7. L O U C
1`rt0000 CLIAPC%/SIGNL/ 	 SIC( 1024),NSLT(1024),IbOkV(1014),
000_
__
1 ►,l-TSF,r.rTS .,ISIRT,NTu%NDAT,PSIG,S 	 F^^NF^__
it.000 11`vhCAT,GSIG,Gtit1ISE,F'ki:^,SIG'^L
1.)10 Coo  CCyI CN	 N;STJ!.AVjIFST1_LWVU^.,LC_PVjALPHA, wCT - S ( 1ZF),IrQ_
11 ,4	 .C .)O CLMNLLX	 SIr,,wUTS
'	 ^:. C00 F I.IV_=r L(IA_TtAAV)
15 1-4.0 J0 1F(1LF'lO.LEsNAV)	 FNAV=FLuAT(1LP10)
1	 `.COO X0=1._/.F`:AV_	 -	 —	 —	 __--
-;	 9(.coo XA =1. —XD
1;57.OcJ DC_ Jo	 i= I^NF• TSF__	 _	 _ _,^_
1.1 91.000 MCkK (I)=XA*wC►PF M	 • XD*PSLT(I)
1Qy .ono^o F5LT(I)= wOFK(I)
1	 o0.cuo F^TUFN
1t01.000_ L
_
1! 04. CL, O C
G`,.0(^0 NU	 PCPTINK	 CSKF(I	(1ST,INIST) 	
-
O L . C3 1) C
1t07.000 C
'J!:'.CGi1 C'_*iriwiws^in ww-^www^iwi*w*•iiiww iiitiwii•**i^s^iii..w^Rt-^iii^s*^w••.rwwi
05. C01 L'
--	 -	
-	 --	 --	 --	 --
_
1t10.Col)C
—
1 •
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OF POOR UA
'LOGO C
X12.000 C WCUTIhL	 1 1 1	 Ft AO	 PFAKS O klbitFS,ASD	 VAAIA%CES	 FFOM	 PEAKS
X13.000 C
ibtC() Q Cftttfftttttf•••fftstttt ttrtsttttttffttttfsf •tttffftt••.tfsfttttffffff^•
l0. 000 C
^7. C00 C
1b.000 CLwm[N	 lot ST,I•AV,IFST,IWNU•,LGFD,ALPHA,WCTS(I2E),NO
1S. OF) J C(jk-0%/P%S/1,EAKS(3, 1014, a)
t,2C.Cu0 CJP'ou./:.1GIL/	 51U(1024),MSLT(IC14)oWCFI(In24),
121.000_-- APTSF- ,hF' TSf ^S1kT f_NT9Tj NUATfF51ClSh kFA Shk-k
L2s0C0) 21SY%LAI,GSIC,C%JISE,FhEJ,SIC ►+A
.t1j.000 C1,0vL	 K	 SIr,lkCTS
.	 2 4. CGO C
::. CCUT C S'OFL	 RE 69LSTLU - I NKO	 IN	 *0kK
L2t.000 C l
''7.000 GC	 I C 0	 1= 1,^<<T_
I	 iE.000 ikr ^r ( I)*!A,KS(INISTj*I,IST)
!	 :5.000 100
	
C0-7I%IJ ,
."C9000
_	
--	 ---	 - --	 --	 -	 — -k^TUFh
j
3I . COO t ND	
---	 —	 ----	 - -	 —	 -	 -	 -t j '*d	 C C . 0 C
tt3j.CF0 C
I	 -.CCO SV)	 C U I I	 ;TATS	 (	 XMtAN,ST:.:V,NNlhS)
it 	 C.3 C
! 179(:0 C knUl lhi	 TO	 on	 !>- ATTST-ICAL _ANALYSLS	 Lh	 %QRK	 (SL5T)113 (^ , C : O C
( t ?S LC:n C
t • 4C.000yC — XkiAN--)	 MEAN	 OF
!
41.000 C SILLV-->	 STANDAkD	 DEVIATION	 OF	 6
1	 al. C lio C
I^'.3.000 - Cf-wvCK/S1GhI/	 FIC(1024),L'SLI(IV24),1%0;0(IC24),
1
44.COO 1,PTSF, hF' TS, FSTkT, NTi)T, NUAT,PS IG, SNkF, S!,r,
4`.C^ J2I_SYti1)AT f ( : STC^	 F.O^SIGt^A
IE4r.000 CCM"Ch	 hr ST,l^AV,TFST,IWNUw,LCPV,A(-PhA,wCTS(12P),NO
1147 9 COO _--- CCMPLLX_-: 1(,, wGT-1 ---
Il4E.000 S01=0
tfr490 CUO 5UNSL=0	
--	
-- -	 -
`.O. G00 Uh=r .2H31S/F LDAT( hF1NS )
I,51l_2- Q00
--	
SU%OC=01____	
-- —_--	 --	 ---	 -	 -- --
it".'d.0u0 SU ►,S=U.
` , ^.000 CC	 10	 I=I,hFI^S
t	 1 4.000 w=kSLT(1)
t	 rt.GUO SU"C=5UMC•%•CU;(xw)
!`7._000__ ^U^F=^l1.,^,a•SI^.^W)_
1 1111 ,t.000 IO ----- —9999.CChT I hUt
;c ^^.00^
---	
-
) - "t A%=ATA ►ri (SUMS, SliwO)	
—	 —_-------
	
-	 -	 - -	 -
t y . C y 3 C ClUTF-UT	 XPF Ah
. ,^5.305 IF( rN ►-4N.C7.0)	 CnTO	 91	 -- _ _------_-	 _
It` S.4CG
I:
X^r Ati=-I•kyl'A'r
131
1060. 000 (^- XlwF A%zbo;t319-XMEA.4 ---	 .. 	 0 lII-boo400 f1UTPUT XME:Ah	 AL PA CF161.000 _91_  DU	 y 7	 1=1,Nt•IhS	 P9Q.R-
Itt2.000 Xw=l:•t'LCAT(1.1) try
1	 f^.C(0 X'0CrXl0cAN -Xh
I 07t5 0 1	 (X y (1.1T.0)IN^EX=I -1 	 - -_-^ —
t4.00O_1  IF (X 0, U.LT.0)G0T0	 98
IF_. GOO 97 CONT I Nut
r	 16t.000
III C.000
C_ CUTNUT	 IKCF XfDW
98 -	 l%UEX= Ih[FX - NblNS/2-1	 -- -	 --	 -	 -	 -	 ----- -
1030000_ Xv^ A1•=_(IN.	 X-.5)/FLuAT(srHiNS)
IT I1 	.000
__
C CU',-UT ikfAh..INDEX -- ^_---	 ---	 -	 -
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